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for the Salts, 1973 and Caucete 1977 earthquakes are reported.

Refraction profiles suggest complex velocity structures in the

earth's upper 6 km.

Short-period noise levels vary more than 30 dB with local

geologies. Micro-seismic storm long-period energy is mainly be-

tween 5 and 10 seconds periods. Negative first motion on Argen-

tinian P-waves from Nevada Test Site presumed underground nuclear

explosions may indicate tectonic strain release associated with

these events. Primary Eurasian event signals are PKP-waves, in

correspondence with standard travel time vs. distance curves.

Signal arrivals between .P- and S-waves seem to be P- to S-wave

and S- to P-wave conversions on the lithosphere-asthenosphere

boundary, according to".the literature, suggesting thatthis bound-

ary may be at a depth of 400 km.
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ABSTRACT

An orientation stady on regional seismology in Argen-
tina reveals extensive actual and projected seismometry. Data digi-

tization is being initiated at some stations, and modern computing
facilities are being acquired. Most of the regional seismiolty is
explained interms of the subduction of the Nazca plate under the
South American continent, but also intraplate earthquakes have oc-
curred. Part of the subduction, initially with a dip agle of 30O,
is horizontal. Seismicity gaps exist In the Province of Tucuman, and

in depth between 350 and 500 km. Source parameters for the Salta,

1973 and Caucete, 1977 earthquakes are reported. Refraction profiles

suggest complex velocity structures in the earth's upper 6 km.

Short-period noise levels vary more than 30dB with
local geologies. Micro-seismic storm long-period energy is mainly

between 5 and 10 seoonds periods. Negative first motion on Argon-

tinian P-waves from Nevada Test Site presumed underground nuclear

explosions may indicate tectonic strain release associated with
these events. Primary Eurasian event signals are PKP-waves, in cor-

respondence with standard travel time vs. distance curves. Signal

arrivals between P- and S-waves seem to be P- to S-wave and 3- to
P-wave conversions on the lithosphere-asthenosphere boundary, accord-

ing to the literature, suggesting that this boundary may be at a

depth of 400 km.
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SECTION I

INTRODUCTION

1i1S Final Technical Report describer the work per-
formed under AFOSR Contract No. F49620-79-C-0098,. during the con-

tract period 1 May 1979 - 30 September 1980. The work concerns an

orientation of available research facilities, and research on topics

of regional seismology in Argentina in the context of worldwide

seismic surveillance.

A brief summary of the work performed during the fire

year's period, 1 May 1979 - 30 April 1980, was issued previously as

Annual Technical Report No.l. This comprehensive report describes

the research, based on literature, personal communication, ,'nd some

actual data, in Section II. Topics include: seismicity, source char-

a-teristics, popagation velocities, noise, and signal characteris-

tics. Also includedis a summary of a publication concerning previous

research on the automatic detection, timing and identification of

seismic event signals. Conclusions, and suggestions for future work

are presented in Section III. Section IV contains the related biblio-

graphy.
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S CTION II

RESEARCH

A. INTRODUCTION

This section 6escribes the research performed during

the contract period conc~rned. First, we present an overview of avail-

able research facilities in Argentina. Next, we treat the topics of

regional seismicity, source characteristics, propagation velocities,

noise, and signal characteiistics, as found from literature research,

personal communication, and seismic data. The final part suimmarizes

a refinement of previous research which resulted in two publications.

B. RESEARCH F1CILTTTE2

The major research facilities in Argentina are pro-

vided by the Instituto Nacional dt- Prevenci6n Sfsmica (INPRES, Natio-

nal Institute of Seismic Surveillance). The objectives of this insti-

tute are enhoincement of seismological studies, design of earthquake

resistant building codes, and ntional representation in seismology

and earthquake engineering matters. INPRES is responsible for the

installation and maintenance of national networks of seismographs,

strong-motion accelerometers, and seismoscopes (INPRES, 1979). The

projected s.iEmograph network is presented in Figure II-1. Short-

period seismometers are S-13, Benioff or Wood-Anderson; long-period

seismometers are Press-.;wing. The network includes a telemetered

four-station, vertical component short-period array of approximately

25 km radius at Sari Juan. The INPRES strong-motion accelerometer

network counts 18 three-component Ishimoto instruments, to be aug-

mented with another ten during 1980. The INPRES seismoscope network
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Both INrRES and the University of Tueum~n (UNT) are

in the process of acquiring modern computing facilities. The INPRES

system is Hewlett-Packard with tape, disk, diskette and cassette

capability, and a digitizing table for digitizing analog seismograms.

The UNT facility is a Digital Equipment Corporation (DEC) VAX-11/780

system with disks and tape, and employing intelligent terminals with

diskette (floppy disk) capability.

Finally, the following organizations provide regional

seismology literiture:

* INPRES: reports and publications, seismic bulle-

tins

* Asociaci6n Argentina de Geoffsicos y Geodestas

(Argentinian Association of Geophysicists and

Geodesists, AAGG): Geoacta, profssional journal.

0 Instituto Panamericano de Geograffa e Historia

(Pananerican Institute of Geography and History,

sponsored by the Organization of American

States: Revista Geoffsica (Geophysical Journal).

B. SEISMICITY

The seismicity in Argentina is determined mainly by

the relative tectonic movements of the Nazca Plate axd the American

Plate, and, in particular, by the subduction of the former under the

latter, Figure 11-3. Summarizing the tectonic movements affecting

the Argentinian territory (Volponi, 1974, 1979), it is assumed that

convection currents thrusting upwards at the Mid-Atlantic Ridge

cause the African Plate to move eastward, and the American Plate

westward, both at a relocity of 2 cm/year around 300 S latitude.

The Nazca Plate appears to be moving eastward at 6 cm/year, thus
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colliding with the American Plate at a relative impact velocity of

8 cm/year at this latitude. The Nazca Plate underthrusts the American

Plate with a dip angle of 300 with respect to the horizontal, as

evidenced by seismicity patterns.

However, the subduction in South America does not

seem homogeneous (Duda, 1976; Volponi, 1974, 1979). Volponi (1979)

distinguishes four major zones for the Argentinian territory (Figure

11-4). Zone I, or the Northern Zone, between 18-260 S latitude and

63-720 9 longitude, extends from Southern Peru to the Argentinian

Province of Tucumdn, and covers parts of Northern Chili and Southern

Bolivia. The Eastern part of this zone, named Zone I', between 63

and 650 W longitude, contains the deep-focus earthquakes (500-700 km

depth). In this Northern Zone, the Benioff zone shows a seismicity

g tp between 350 and 550 km depth. Seismicity in this zone is highest

in the Salta and Jujuy provinces, near the Bolivian border, and tapers

off towards thL Province of Tucumdn.

Zone II, or the Central Zone, comprises the provinces

of Catamarca, La Rioja, San Juan and Mendoza, South of TucumAn, be-

tween 26-360 S and b6-730 W. The seismicity here is less than in the

Northern Zone, and shoWs specific characteristics (Figure 11-5). The

seismicity produce!d between 30 and 340 S latitude shows that the dip

of the Benioff zone changes around 70.5 W longitude from 30° to

horizontal. Eastward of this longitude the seismicity seems to be

concentrated at approximately 120 km depth. These characteristics

a:e similar to those of central Peru (Hasegawa and Sacks, 1980).

cone III, or the Patagonic Zone, covers the area south

of 360 S latitude, comprised by the Pacific Ocean neri , .-lean

coast, Chili, and Western and Southwestern Argentina. This zone is

characterized (Volponi, 1979) by the absence of intermediate depth
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TABLE 11-2

b-VALUES FOR FOUTH .AMERICAN EARTHQUAKES SOUTH OF 10 0 N, 1960 - 1969,

5.5 < mb :S_ 8.5 (after Duda, 1976)

number of depth b-value

earthquakes range (km) normal compensated1

381 all depths 0.99 0.99

297 < 100 1.08 1.2

63 100 - 450 1.09 1.5

21 ) 450 0.48 1.2

1 compensated for population size (Duda and Rahidi, 1972)
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Triepp (1977) stuc!icd the spectra of micro-ceismic

storms registered with a hori7ontal E-W component, 50-second sei~mo-

graph at the seismic station Oli (31033S, 68041W) near San Juan.

An example is given in Figure 11-14. Spectral peaks, some very pro-

nounced, seen to occur mainly brtwoen 5 and 10 seconds peri, ds.

G. FIGIT, CFARkCTERISTICS

In an initial attempt to study characteristics of

regionally recorded seismic event signals, analog seismograms, re-

corded at the station CEN (Cerro Negro, 31034933.0 S, 68045 15.0 W,

elevation 900 m), and containing the primary waves of some Eurasian

and Nevada Test Site (NTS) events, were obtained from the Seismolo-

gical Institute ZONDA of the University of San Juan. NORSAR single-

site recordings of the P-waves of these events were studied by the

principal investigator in previous rsearch concerning the automatic

detection, timing and identification of seismic event signals (Unger,

197 8a). The event details are listed in Table 11-4, reproduction of

the CEN seismograms is attempted in Figure 11-15. For comparison,the

corrensponing NORSAR recordings and their associated envelopes are

presented in Figure IT-16.

Three items of interest were analyzed: travel time

and wave identification, first motion, and secondary signal onsets.

The results are combined, and compared with readings from the NORSAR

records, in Table 11-5.

The significant primary signals of Eurasian events

received in Argentina, epicentral distance .1400-1600, are PKP waves,

those of the NTS events, A.82°, short-period P-waves. The travel times

of these vwaves correspond well to £tandard travel time vs. distance

curves.
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TABLE II-4

-,URASIAN AND ITS EVENTS USED IN ARGENTINIAN

SIGNAL CHARACT1,RISTICS STUDY

Event I Date Origin Place Latitude Longitude Depth mb Clas-

Number (m/d/y) Time (ON) (°E) (kin) sifi-

(h:m:s) Cr:tioa

21 09/06/71 13:37:11.0 Kurile Is. 46.7 141.4 29 6.1 Q
22 09/09/71 23:01:06.0 Kurile Is. 44.4 150.9 7 6.0 Q
87 01/20/75 17:31:10.6 Japan 35.0 141.2 28 5.9 Q
90 05/04/75 09:31:59.5 Japan 37.1 142.1 24 5.8 Q
53 12/10/72 04:27:08.4 E-Kazakh 50.1 78.8 0 6.0 E

58 12/1-0/72 04:26:57.7 E.Kazakh 49.8 78.1 0 5.7 E
60 08/15/73 01:59:58.0 S.Kazakh 42.7 67.4 0 5.3 P

11 08/30/74 15:00:00.0 NTS 37.2 -116.0 0 5.8 N
15 07/08/71 14:00:00.0 NTS 37.1 -116.0 0 5.5 N

1same -s in TJnger (1979a)
2 - Eurasian er;rthquake

E - Eastern K., zrkh pre-umed underground nuclear explosion

P- Russian presumed peaceful underground nuclerar exnlorion
N - Nevada Test Site (NTS) presumeO underground nuclear explocion

I1-26





















5ECTION III

CONCLUSiONS AND PUTURE WORK

A literature orientation on regional seismology in

Argentina, and an initiation of a study on noise and signal char-

aracteristics have been presented.

Existing and projected research facilities, including

seismometry, digitizing of datti, and modern computing facilities,

together with active regional seismic phenomena, form a strong basis

for future work. Most of the seismicity is explained in terms of tec-

tonic movement. However, for instance, the apparent seismicity gap

in Tucumin Province and absence of seismic activity at depths be-

tween 350 and 500 ki, the seemingly horizontal part of the subduction

of the Nasca Plate under the South American Continent, and the depth

of the lithosfere-asthenosphere boundary are items suitable for fur-

ther investigation.

If feasible, moment tensor program application to
the regional and teleseismic signals of Argentinian events could

augment considerably the knowledge of regional source parameters

and propagation phenomena. It then would be interesting to correlate

signal and source characteristicH through automatic signal parameter-

ization.

Noise characteristics confirm the relatively high

amplitude levels of stations located over sediment and aluvium, in

contrast to levels of a few ma for hard rock sites. Local differnees

may be as much as 30dB. Micro-seismic strorms seem to have their
long-period energy mainly between 5 and 10 second periods.
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Characteristics of teleseismic signals received in

Argentina from Eurasian and NTS events show negative first motion

on the NTS P-waves, and possible changes due to the P to PKP wave con-

version at the core boundary as evidenced by secondary signal onsets.

The former may indicate tectonic strain release associated with under-

ground explosions.

Under continued research, installation of a digital

station with automatic signal detection and recording are projected.

The feasibility of automatic signal parameterization according to en

international data format will be studied, and local noise meamure-

ments may be tested against a Gaussian noise model, for false alarm,

rate control of the automatic detector.
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